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(57) Abstract: The target path of the translation floor reaction ver- 
tical component of a leg type movable robot (1) or of the overall 
barycenter acceleration vertical component of the robot (1) or upper 
body acceleration vertical component is determined, and the target 
vertical position of the overall barycenter of the robot ( 1 ) or of an up- 
per body is determined in such a manner as to cause the translation 
floor reaction vertical component or overall barycenter acceleration 
vertical component or upper body acceleration vertical component 
to conform to this target path (in such a manner as to satisfy the dy- 
namic equilibrium condition for the vertical direction). Since the 
vertical motion of the overall barycenter or the like is determined 
after determining the target path of the translation floor reaction ver- 
tical component or the like, a proper target gait can be produced not 
only in the walking but also in the running of the robot (1). 
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±#7K¥fi:e (4-nnfi) ^Ji^ns. ±ms 9 1 2x$t®rc± 
5 #^^^jjp5im^^^«^T§ (^m^^io^ mm k=o) ^e,5t&P# 

£K^©ji#tgi^5i^£^;^#-r3 (^hi^wid^ (Hi k=o) & 

n © s 9 1 4 2 ios4i4t mm<Dmmx$> 

10 & o 

^ji© z: t < m 3 5 <d s 8 0 6 (D^m^^mmm^^^-^ji— 
^ff^tiv ^u^s s o 8 \zm&. &m$Li$.mnm k ^«t^^#^^ 

-f >&—A)V A k 7^^iiiP^nSo #C^X S 8 0 4 D , S 8 0 4 C 
m-rgkfttff&AL bXVi^|5g D , S 8 0 6 tS 8 0 8 (D& S^fi D 51 £ frt 
15 5. *l/T, S 8 0 4t^t^#^4b^<^ofc&, ti^)b^« 
iTt^HMO^^Tlfe^ 0 3 4 <D S 7 0 4 fcittf. 

S 7 0 4Tft -hlB© ^£ < S 7 0 2 X^&fc^m^i^TcD -h# O 
7R¥&«51S (Xe, Vxe) 6» , fit # q 0 [k] (k=Tcurr) 

20 *^T?S 7 0 6fcS», ^II!^W^f§mj&#q0[k]<h£#^#J$ 
mmfaftd" (01 90S 2 2 4?^J6fe ! b(D) t<DiT$5HS^t 
fiK^ii errq ® ^ i£ £ ffl V>Tj£a£> &tl§, $ & \Z, S 7 0 8 lCit 
fO^ferc^t^^if errq *Sft«ftHUi (0i5#<Z)f& 
ffl) CS§)4^^|iJit5, 

25 S 7 0 8 (Dmmi&m&N OT'&Z t * S 7 1 0 fcift* , a = A a 

(a a«m^o^:/jNa) tb, 03 8 ommz^xm^oumuzM 
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? n$ — > K # ® #HE £ MX fclSZMP^lC, MIHS 7 0 2<fc. 

a ^m^mm^%m^^^nmm^mmm^\zx^^tin-m. 

Vi^»o S7iOT?a'=Aatt5©». M&<DU § S Z M P #i& 

errq CD ^<fb £ WIM^ Z> & T $> Z> . 
±IH0D J; "5 IC S 7 1 0 tCT, a = A a ibtf giZMPttt^lE 
15 bfc<i:#(D{K^lEl^W^i^^*T^^b^:^> £ Z\ZS 7 1 2 \ZM&. 

s 7 i o x&tbtc.m^m&^miiB-cn ±&7k¥-&mmm (x e 1, vx 
s 7 i o ic^^ta afi, ^HiS^^TJi, ittttsnst 

#fSM errq < &3 fcOtlT A a £M4>£i*£ £ 3 KMA a SriS 

b^^Ti^^^m^^SI^ errq £f^f£ffl ft \Z%Ltb S Z\ £ #7? €? £ . 
^ViTS 7 1 4(Cl^, A7^-^|gr (Aat#t5*S58f[l* 

25 ftmm0$tfc<Dm&) nfimmn&frzjftibbnz. ts*>\z, S7 1 6c 

a = -errq/r^ t^fc^S 7 0 6 Ttftfc^S^f ^^li 
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errq Sr. S 7 1 4 tb fc /I 9 * — ^ mg. r TfOo att 
S#^/^-><D#£IE*&B 3 8 0M«fc«oTfiBlZMP;^-> 

^V^S 7 0 2l:I§„ f IT, S708 <B ¥U »r Ift * #* N O T? ifc * IK 
D tt, ±f3bfeS 702 — S716 (OmmffiUk 0 M^tl, S 7 0 8 (Dm 
mm&WYE Sfc&ofci^fcfcJ:, f©iOIl;P-y (S 7 0 0) £ 
&ttT S 7 1 8 \zMtfo 

s 7 i 8 -era, 4£<%io!g*&<z>**$j2#:gi&& tm^^^<Dwm±^m 

±&mmM \z&-3< «fc 5 fc, ^®^^©_h#:^^^7n^e-^ > h Z MP 
tftlSCffi (ZMPrec) © A ^ - > fc £ n -5 . ilutftttSZMP 

rec «j*"rs-^isi^$i»Nnt©^jifc*aaiT, flcs^TK^pjEdc^w^te 

H*«+»»c^:*^«b©t«:S»im (H-P;£jtg8i*j cD#§p B l) lessor, _t 

(S 7 0 8 ©^) Si^TffSi^C, f itZMP^i 
IE-T & #> © t> <D T 2& -5 . 

«H CD Z M P rec tt, f& BB £ # 2* £ £ fcl Jg T JK 9! V Tc CO <h K# 
02 6l:^tfcZMPrec ©tf /1^->.(CfeViT, £^CD]M,£ (#rtt 

^) ©rats (<fc t) A#wictt#^cD»fnjfitoi^»j*B«z 

^•5^ZMPrec CO^^jg^ (/t^*-*) ^i&SnS, tcfc. b , S 
7 18 T«0 2 6 Tm Ts2 fc^ft-^tt Ta, Tb let 
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&<DVtm&fe&&<g(ow i m\zm~3tfz> £5 \z. **n/\'^*-^£&^T 

i^t^t, 1 ^tC + TOZMPrec >&m$&\ZV, 

i?^^3i^^C7)M^^^^#^^^^(C^^:tf T*>&V>#s Z MP rec 

KTttt, 3¥tBJ§CS2r!£Bjb*:^> IT tii ^ Jii £ IE §8 T £ . 

M j£<Z> ^£ <S 7 0 2 T?ZMPrec /I ^ — ><D&mM £ £ 0 till 

£n£0err £ > 0 jf« _L J£ it g £ 

fe1£i£®(DWM±fc&$$Mmmi2<D&%:7$:tb. JLtl^ v0err Z> . 
C Z MP rec A 37 — ><£>i^i« £ § & ■§> {fi bcurr £; VT^mtfr 

i m®&®&£.f&-2tiz> tmmTz. rcfcv. m 1 mm^m-<D±^mm 

tTCt-^VhZMP i&^ifi ZMPrec A* ^ — |2 20S5 1 8 

acycl -ea5^0 2 6 £>-&^A^->) tfe-5<Sbl©^nf»SiTS. 
% (IS 1 ±#§gfM £ *l 0 1, v01 £ 

-r%> 0 

S 0 2 4 fc*W"*^^^^©«(|»!JKti&*ae)S^^;p-^>o5as«« 
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^TifeWTife^nmo^M (mmm\z s 3100^30, 

mtV, Z M P rec A° & - > * S 5 1 8 IC & V> T ^ 86 £> ft & A° ^ - > 
(mtStii acycl 1? & £ 0 2 6<Z)#^A°^->) tbfc«^0|S^ 
1 j£|3I:9*$ft*ffl±#:&g£ t&jg&S^ft-eft 0 lorg> v0 

lorg 

A 0 1, Av0 1 §^Ock -5 {C^^t* 

A01=ei-61org -^5 0 

Av9l =v01-v61org -^5 1 

A 0 1 cfecfc Av<9 1 Z MP rec ^IE#W £:£3feCD W £Sg 1 

fcf, ZMPrec miE&& fC §1 ^gg V> T, ^ Isl^^ <h |p) il (D T ;P rf U X A 
KckoT, ZMPrec A ^ - > CD £ M M £ § MI3 acyc2 <hUTH2jgIsI 
^a*&j£Sft*£, 21©gft#fct, **CD^^^^(C — So 

Vfctf-o T> Aei^<t^Av01^o <h^S^[5J^^^^i^$ bcurr, 
^ 1 JilU#^#7£i6$ bl 3&#>7t bcurr ^^IeI^W CD^^iS £ 

it77-f*^-J|/ FH CD«fc -5 &;S£j£#'i$£Jf 21 A 0 1 £5 efc 

£*Av0«, ^0*Js##^j^£ bcurr, Jg 1 SI |sl ^ ^ $ bl, -(K^ 
0^^CO^^±#:^^^ i^#^^CD^J»i±#^^^ ODH 0 err, U^T 
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A 6 1 = ell * bcurr + cl2* bl + 9err + el * vGerr -5$ 5 2 

A v01 = c21 * bcurr + c22 * bl + e2 * v9err -^5 3 



fitch, ell, cl2, c21> c22> el, e2 \Z. ^HJ£^> ^IJIIhI^^O 
<5£^g&> ±^^#m7C : E-^> h ZMPifffiZMPrec /1^->0 

t <Dm&~?:<D±fcmm>M<Dm 0err t^lIOHV 0err #;&g>e>n£o 
^ 5 2, 5 3£>#$CT&<£> ell, cl2, c21, c22, el> e2 ifi + 

iiZMPrec /^->©/t7^-^ (# R# RfcHt £ /1 =7 ^ ) 

# v> t 3; 5 2, ^5 3 (Djsmrf o tuz> \z mm z 

bcurr, 1 JgHJ^^^jl* i% $ bl /^*fe5g£*l£o f^fr^, j£ 5 2, 
5£5 3©*S^0 £ bfc^5L^g3S:^^< aCi^T, bcurr. bl 

jft&te, ^©^^(Di^^^mTc^-^ > h z m p mnm (z.MP 

rec) (D&mm? ->(Di$&mZtf. _h IB 3fc 86 tc HI ^ ^ # ^ ifS £ 
bcurr fc!8!Jfe$ft5. 

*^t?s 7 2 o \zm&. aft©«aazMP/^-> (s7oo©» 

COiailt S 7 1 0 JC^^T Aa (DiS$(D#^/1^->«r-(Ka 
lZMP/t^->l;Jn^5j!!ll«!:^iT*S. 
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S 7 0 0 <D)V-7\Z&^T£.1$ZnZ>U^m&&fe, mv£<D$\1<. -h 
#i^t7C ; E-^>hZMP^flZMPrec £0 ( Z M P rec <Di$m 

S 7 1 ST^^etlJt-h^^^mTC^-^O h ZMPMWm^#~> 
10 ta, Jh^^^^cD^#^^{cM-r^>Tn^ 0 lz&*3tfZ>t:iti><D±fcgm 

b^U, S 7 0 0 <D)V — y-Vmm&llzm ZftfrUBm Z MP/\°^ — > 

&miE-rz> z\tfs:<. S7i8 *>nf£±fcmmm7t ; E— * > h z 

— ;* > h&mW.J&ft%:m^T 0 £ £ & £ tb \Z , _h# 

^HT, ^HJi^jl?^, Jb#:7jt¥te«$lSI£ S 7 0 0 <D)V — 
7^mifefft\znbn& ) b<Dfr U<Tmt$&0 \Z, ZMPrec \Z 

20 J;^Ti@iZMP/^->$iIEt5 H <h £ Ufco 

Hifl2^^lHl^^©M»(CiP^.T, S 7 1 8 T^&fcJi^sg^mTC^- 
^ > h Z M P^#fitA'^->^^^'r§Ji#:^^^lllP3i^*^^$-a:'§ > 

<*-*>h&o\zfc2>&) ^jb^^^mTn^-^ > h z mp mmmtc 
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SI 2llMoT« _hfEc7> < S 0 2 8 (C * *A T^®^^ A' 9 ^ — $ 

zmjELtzW:. *snfcts o i 6 <Dmmm3ktfNO'v& z>m&\z&. s 
030 tcit^ 4-ia^*Ri^ffij&«ft^*ns. 

S 0 3 0T(1 B36(OS 9 0 0^6S910 $T<h^-©®l^fr 
&fc>*l, S 9 1 20tyjl/-5 1 >T**5E3 7 0S 1 0 0 0~S 

1 0 2 6 omWffift Ut)tl% a tctzls, Z.<Dm&, 03 7 0S 1 0 16 
i^ViTtt, l^griTCt-^^hZMPili (ZMPrec) A *? 

— >i$, o izmm-znzwfcfc < , @34©s7i8Tififc±# 

mmUlt^— * > b Z MP&JTte (ZMPrec) A ^ - > lg }£ $ *l £ . 
Jfc^TfBI 3 6 <DS 9 1 4 £ R — ©fflStftHfr S tU £fU;:J;D, 012 
CD S 0 3 0 Offll^7t5, 

#l<>-(? S 0 3 2 tcift*., Xlf>*$^t>t;l/t§ (D^y h 1 (D)i 
J^^©lii:j:oTIIZMPIlI^:^4t§^KA : E-^> 

-fi^o^^^s^z mp izftm-rz*-* > b&w.j$#mM<D&m&m. 

(DW^&fcUVtz^O) #*3icg> £>ft£ 0 S 0 3 0©MIi:ck 

©i^Ii:|!i0^5|^ZMP (BlfttiO HI D ct)^S^^-^ > hS&it 
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j&ftT«mmm&$ttb*>nz>o fit, z\n&. mMQMWxD^ffim®.^ 

IhJ mm \z & 5 mm 0 MWi £ Ikm? 2> J: 5 b T «fc ^ » 

SO 3 4 fcii^., ^£f&/BPfM tSAt jettit^b, SOI 

&±#, 0 0 K&ttS I^^^^MIT^^. 

at) sftt, n^>^ bmto&te&fr ^XSI^S) l o 2 lest 

S^^^ttM^^ (flat) , a^ZMPfial ( S #,3:#cR # * 
#@3#§10 6T, mM^^^-JS^ 2 2 R, 2 2 L t£#@2£*t, B^#J£ 

*»fi***:tf i. o 4 fcat&n*. mm-s* >^^-iy>7,mf¥^m i 
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5 ni«^M^ ; ETjno2it @^±#:&g^^ (fiat) tmnmm 

t%>Mfc2, 2 <D 1 2M<Z>|l3gJ (1 OR (L) ©Wt«<i£Jg^ 
0 8tt, M^Tftf JH 0 2T»ffl$nfeH©IfiM (lit) 

l£ (tt) ^HEffl btlS^ > 10 8 tcm^o > b ei..— ^ 

10 hm&s^^? )v 1 0 2TftB$nfcii^fiit 

(fit) £ B^ffi<h LTD^7 h 1 Oi#0 1 2 <@©KI!p©^&£j£££M 
15 ffl~?Z>o 

errx, 0 erry b < B m ±&mm& \Ztt? & m^mM (DB^* O 
20 -;P^|oJ (XflillHlO) (DmmMmmtfderrx-e&t), tf-/5P#|pJ (Y 
lA® D) (Dm&MmmW d evxy ^^#4-fe>1t 3 6 ^^11^ 

ffiStU ^O^tB#f*^^^^Yt;$iJ^M^g|5 1 1 2 (CilS>*l£o £ (Dgg 

^^jtfb^jtaf^^gu i i 2 t> d#7M <d ±fogmM * g m±i^mm 
Miz&7t-r2>tci®<D3m±mKi}*>b& (@szmp) st>Di«±^ 
25 Ktj*:-* > btmm-znTM&u y??^ 7>*»fm^SB 1041: 
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p) m d \zmm±mKt} * - * > htfftm? % & 5 \zsmmKt> *miE 

?z> 0 fctcv-r^x&tkM&Bmiz— mts^z z\ £\tmm±^vjm-e$> 
-?t£fr>iE>. &mmiztt?%mwmm:\zmfr*-£§-%.T, mmmm 

^, J10l!B|0g|(^§^|l 1 0 0 \Z£>tfZ>Utfy h 1 (D&m- 

$n&\z3b d , ±mvrcm^u >y^'< x >xi^gn 104 fr^o^t 

15 Efc&cfctfgfrfm, A^^fe^tH^Ufe#H^ 10-277969-^ 

^a^m^^^im^^Q [o] ^^m^^co^^fflij^^m^s 
^m^^oj^ai^ttfijc^**, s^iiiii?o^^it^^q cod s^®^ 
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5£i ox'&mvtcftmj&ftte, mu, ±m<D&n*m:®to\zffi%*rz> 
tfe^oT, ^mmmmjz^v^xu, mt>t£ : E7 £ )v&m^x^m&® 

( itltt, #1 2 0 0 0 - 3 5 2 0 1 l^OfeOt^iT^^. 

>&W3e-tz>& o \z bfco m 3 9 £#m isxmwtz mm\z.& 
-r s <£ tc & ^ u & -h # tk ¥ & m m m & m t «> 

b ^ ^ b ^ (D _h #: 7jc ^ e #1 it ^ ^ -T . 

oj^^^^^Tt*. — ®i&)izi®&AX7j<-r%iMfr t>~fnx\,*z>&. ^<D 
\z&<g>Axm-fmmiz®Lj&is (ia^^> , "Ao^mm^mn 
20 n\z&^x&& AX7n~?Wi^.\zm%— m.-rz>„ z<d&?\z, ^^mnx 
&m&ft(Dfr&-®izit&t£&$ii&^mx%, &®MRx$Lwmmmjj 

mmizw&cx^mte* ^mb^^m^r^m.^^^.^rcm^ 
i^t. zw&oKm&fe. $ij$,ist£w.m.\zmmm\z%misxvg.5 * 
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/&b. ^£<D&$imifcVT7£ftMm&®rt i 7 * — &\zm*DT&&&mt)M 
^ ^ # * «t t % .*r m & ^ <d m m ± # tk *f e t m $t ± & * ^ it ^ £ <d 

< T^fe^f^«, a* «ui (Dmizma&±{t7k¥&m£mm. 



25 6 0 
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f (&*s±#*¥ffis,.o) = m^±^^m 1 

M&f <jfcfl»±#7K¥4fc*, &*&±#7K¥5£MO <DmififtW[&.ft<Dm 

5 

mmj&ftMm7£^&2>$fr&<D& i o wis: f <£>5fi^5£T&3o ssi 
Tmm~emmvxh&^, wise f *Ty^LTBtt.i/.T,fe,A. 

(&K;fi7j<¥5jo#cD X * (flcKA*?^OX^) 

+ (m£2>7K¥j$#(E> YJ&#) * (m^Tk^/fc^cD Y/£#) 
25 ^ (ka*M*Fz)*(ka*#*Fz) 

-3$ 5 9 
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/*4HdJfc0yr5©T* ^S^^m^^^ljtCO^ 

t> v iz p ^ v h ©±#ai&»m m5a««i5ss««-r * a ^ * — ^ 93 
a v&wm k t& & -w-& -r § •« & <o m m. tu mm mm & m m-r * ^ ^ * 

DTjfy h ©^#a^7K^*ii®tejsv^»sTs»ffi©7K¥jnafliwatfc 

& ^ |g ffl £ ffl 1/ > T & & v > . 

;* > h Sril^&liifc-r fete, ±#0^^- K t±#Mii ; E— F £ CD 
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s st) , B^ffB±#llI^ ; E-F^:^5^^^iw|D^»{c^a> mR***?®, 

#.&i*fc£> *iffi^J©7JV^U XAIIbfc^oT, ft « ® 3* « £ Si "T 
H#zK¥/&#<*: B8f Z MP £fc> 0 (Dfizfctl ^E— ;* >b£fg£$1*£;i<i: 

z mp st? o ©m* ; e-^> h a*5&&T?^s3gi&*- h *m&z 

25 Hfc<fcajfcR#*¥f£a>£ @*Z MP *fc> D O^M* ; E-^> h t(D^ 
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5 it-Ht, Z M P &fr> V) vfofct,*-* > h £ 

^ 7? m K Jo ft < ZLtifi-e&zmW!* — H 

10 ^^TMl^^+^l:^t<M$t§:i^t§ll ; E- Ht^ 

15 i) 01 1 \z^vit&5izmwc<DV >^\z.m.^m.M\ytz.^umu^z'r 

2 ) *iai@A(lJ:^#i 2000-35201 1 mz^^ntc 3 (J 

yv 

3) ±ft\z<D%hm&&&%> l M&^y'fr 
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©K^^Wfefflrsc^-rsB^tt, ^m^^tcit^T/h^ v^„ fit, 
^Ei^wcD^^^aTtt, 01 oroi^^f^ (s«j& + :7 

1 CD S 4 0 8 > S412)ftt, 2 ©fiSiSb, _h#: 241: 

^^•r^_h^M^ 2 4 7 ^-f afr — ;P FH i TJififc $ tl 3 «j # 

5 s ^ (010 O^^^-CJWRjSC 2 m, 2mSii.tfc 1 7 * 

^-JKOtT^) Sffl^m^^iitUplcLTfej;^ :© 

■■■»■** o t vxmmm 2ios 4 0 8, S412 (Dmm&n & o&?\z 

&ft, mmmmmm^ 2 fe&mu#y h izm ^xmm txtfc^, 3 
mmm 1 9 ©s 2 0 6 \z&^twm mm t s ) ±fcmm®:m z s 

^*r«^fefcD^T»JB*r« #tH«A#$fcfc:4$W¥ 1 0 - 8 6 0 8 
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mmm\zfsiZ> iz&MisTb&i,*. m^mmm.^mti\t, 3=\zmw~? 

(wzsm€T^% t) mmmm^.mmti^m%^mm^$>^o m\z 
® ifi&€z> mmmr ?^3.x.-?<d b)v?&MJz\ztii2>$>Jtn&& 

5 & o 

£ s \zM&-r% ^mmmmx-iz. 11903206 \z&^t. m 

n&K<Dmmx*\zum&mfeEiti&m\zmjj^&m8i*?2>&5 \z±{$m 

10 mhfflfotfwzsz (t i^^^t, mmtf M^m^mmiziB.^. &z>^ 
ummm tst ©no^i^i^tv^ miz$>vz>±famiM.i<Lm&** 
yt^xw mm^w) ic&^i^ ^-n^^«. am&ejfc^^* 

15 it, feiz^^ommvim (n\zwM±fc* s ftiLwmm. ®m±&®tm 
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J* M S © g| ^ a § *I gij ft T # o 

^mmmmTste. g t z m p n 7 ^ - ^ she ^-n 

ST. :3t^:ttJ:i5, g ^ z m p £ a£> (DJi^TK^ftS 
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&X\$. M&\Z&~dXU, @^ZMPA7^-^©iEl 8 
OmiEm a) &7&±\Z?3i%> Z. i^S^. rctZ-lt. ^(OmX-fcv ( 

is e>> ^&mm%&mjEVT%&^o 

z<dmi%$*&\z'Z)?3l&z>& ? iz^^^m/^? z&mvrcm&x. 

^6B*ZMP #fl.nfc 0 , & CD «8fiB#5fi CSiZMP 
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5 ±#^it^gfc Jj-tt — cfc-5 iC]£S#l&lt/&#/\ 0 ^;*-*£&:^ 
10 JfcLTfc&tr*. 

15 Da|?y h ©ffi«X*;i^- £31ttX*;W3F- t <% 

I3 40S718 £1*3 ^T^®^#©±#:s£i^/^?£3t*ts 

20 (ZMPrec) © A ^ — > £ f £ ^ & * ffl V> T % & V> . t?it)%, 
S 7 1 8 ©#&&5lAtem$f Z>^m^®<D±.fo!g&W.7t : £~- * > h Z 
MPHfl (ZMPrec) $ S SU ¥ K * V> T , ±#§£#^ £_t 

26 Vi» 

m£#7j<^:fri^f£H[F X min, Fxmax]£, 2 6 3^iS 



12 2 
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Fxmax = kmax • ti • Fz + kc • (XG- ZMPx)/(ZG- ZMPz) • Fz 
Fxmin = kmin • fi • Fz + kc • (XG — ZMPx)/(ZG — ZMPz) • Fz 
5 (kmax^O, kmin^O) 

-St 6 2 

Tcfch , Fxmax }i, ^1 2TKa=l tUfc^^O Fxmax { 
< fcSfcV* J: -5 IzmfeV, Fxmin , Si 2T Ka=l <h b i§ (D 
10 Fxmin ©ffi <fc 0 /h £ < & £ & ^ £ 5 iC^^f £<> 

d rt,.ZMPxJiSIZMP©7K¥ti> ZMPz (SS^Z.MPCD^i 

(XG, ZG)«> i>^< «ht)_t#(D»^^^tfK^^^<D 
lAt«tt*t©.-&*Si5«.«|lCf84t5HjSC!)ttli:t5 (XG 
15 ZG o tV^^St, (XG, ZG)«, 

(Xb, Xz) Tfc&V> 0 

20 ±IBjS; 6 2 T kc = 0 £ mm b \z , M IB USE J£M £ |w| D fc: 
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